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Abstract
The present study provides an efficient cryopreservation protocol for Tulipa tarda cultured in vitro. Apices were excised 
from bulblets cultivated on MS medium, supplemented with 60 or 90 g  l− 1 sucrose. Half of the bulblets were subjected to 
a cold treatment at 5 °C for 10 weeks, before exposure of the apices to loading solution (LS) and plant vitrification solu-
tion 2 (PVS2). Ten weeks after rewarming and culture on recovery medium, 100% regrowth rates were obtained for cold 
treated explants cultured on 60 g  l− 1 sucrose after 30 and 60 min exposure to PVS2. Cold treatment significantly improved 
the recovery rates of most of the cryopreserved apical meristems while an enrichment of the culture medium with higher 
sucrose concentration (90 g  l− 1) did not improve regrowth of the apices.
Key message 
Cryopreservation based on droplet-vitrification technique allows for successful plant regeneration from apical meristem of 
Tulipa tarda.
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Abbreviations
LN  Liquid nitrogen
LS  Loading solution
PVS  Plant vitrification solution
RS  Recovery solution
Tulipa tarda is a plant with early-blooming and multi-
flowered stems originally native to Central Asia, but has 
since become an economically-important plant used in land-
scaping. In natural condition, there is high diversity of T. 
tarda, due to its propagation by seeds (Botschantzeva 1982). 
Field collections of the tulip are expensive to maintain and 
vulnerable to pathogens and natural disasters. Due to risks 
of contamination and somaclonal variation, in vitro col-
lections are not also considered to be a 100% safe method 
germplasm conservation (Panis and Lambardi 2006). Cryo-
preservation is so far the best available method for the long-
term conservation of plant genetic resources, especially for 
vegetative propagated species, for which seed banking is 
not an option (Gonzáles-Benito et al. 2004; Keller et al. 
2008; Li et al. 2019). Cryopreserved collections are very 
important for plant breeding (Reed 2017) and production 
of pathogen-free plants (Wang et al. 2009). Cryoconserva-
tion is possible because metabolic activity of cells in liquid 
nitrogen (LN) (− 196 °C) is arrested and plant material can 
be stored for extended lengths of time without risk of altera-
tions (Engelmann and Dussert 2013). Among various avail-
able cryopreservation methods, droplet freezing technique 
(Schäfer-Menuhr et al. 1997) combined with vitrification 
(Sakai et al. 1990) resulting in droplet vitrification proved 
to be an efficient technique for long-term conservation of 
plant genetic resources (Kim et al. 2007; Sant et al. 2008; 
Pawłowska and Szewczyk-Taranek 2015), also for bulbous 
monocots like: Lilium (Chen et al. 2011; Yin et al. 2014; 
Urbaniec-Kiepura and Bach 2017; Li et al. 2019), Galanthus 
(Maślanka et al. 2013), Narcissus (Maślanka et al. 2016). 
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To date, tulip cryopreservation was reported once with a 
maximum of 40% regeneration (Maślanka and Bach 2013).
The experiments were conducted using Tulipa tarda 
Stapf. apices, obtained from an in vitro collection at the 
University of Agriculture in Kraków (Poland). The cul-
tures were initiated in January 2017 from bulb scales 
and cultured on solid MS (Murashige and Skoog 1962) 
medium, supplemented with 60 or 90 g  l− 1 sucrose in the 
dark at 20 ± 2 °C. After 10 weeks, development of adven-
titious bulblets was observed, on both sucrose concentra-
tion. These bulblets were multiplied on media with 60 and 
90 l− 1 sucrose, respectively, in the same culture condi-
tions. Eight months after initiation of the cultures, half of 
all bulblets were subjected to cold conditions at 5 °C for 
10 weeks prior to cryopreservation.
The droplet-vitrification procedure was based on the 
method of Panis et  al. (2005). The apical meristems 
(Fig.  1a), excised from the cold treated and non-cold 
treated bulblets, from both sucrose concentration, were 
immersed in LS, containing 2  m glycerol and 0.4  m 
sucrose in MS medium, for 20 min at room temperature. 
Then, the meristems were exposed to PVS2, containing 
0.4 m sucrose, 30% v/v glycerol, 15% v/v ethylene glycol 
and 15% dimethyl sulfoxide in MS medium, at 0 °C for 10, 
20, 30, 45, and 60 min. Subsequently, the meristems were 
placed on sterile aluminium foil strip (20 mm × 5 mm) in 
a droplet of PVS2. Each strip was then plunged directly 
into LN and quickly transferred into a 2 ml cryovial filled 
with LN for 1 h.
Rewarming was performed by rapid plunging the alu-
minium strip into recovery solution (RS), containing 1.2 m 
sucrose in MS medium, at room temperature for 15 min. 
Unloaded meristems were placed on sterile filter paper 
plated on solid MS medium, containing 0.3 m sucrose for 
1 day and then subcultured to a solid MS medium, contain-
ing 60 or 90 g  l− 1 sucrose, respectively. The cultures were 
maintained in the dark for 10 weeks at 20 ± 2 °C.
Control meristems were treated with all the solutions, but 
not immersed in LN.
The survival rate was determined 2 weeks after rewarm-
ing. Some of the surviving apices started callusing within 2 
weeks. Regrowth was determined 10 weeks after rewarming.
Fig. 1  Excised apex before 
cryopreservation (a); surviving 
apex 2 weeks after cryopreser-
vation (b); dead apex (c); 
callusing apex (d); regenerating 
apex into bulblets: 6 weeks after 
cryopreservation (e), 10 weeks 
after cryopreservation (f). Cryo-
preservation treatments: 60 g 
 l− 1, cold treatment and 30 min 
exposure to PVS2 (b, e); 90 g 
 l− 1, 10 min exposure to PVS2 
(c); 60 g  l− 1, 20 min exposure to 
PVS2 (d); 60 g  l− 1, cold treat-
ment and 60 min exposure to 
PVS2 (f). Bars: 1000 µm
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Ten apical meristems were used in each of five replicates. 
The percentage data (arcsine transformed) were subjected 
to ANOVA using Statistica 13 software (StatSoft). Com-
parisons of mean values were made with Duncan’s test at a 
significance level of p ≤ 0.05.
Surviving meristems show a whitish or translucent 
appearance (Fig. 1b). Dead apices became brown (Fig. 1c) 
with no sign of regrowth. Regeneration of control meris-
tems ranged between 50 and 100% but no clear correla-
tion can be observed between PVS2 treatment length, cold 
treatment and regeneration (Fig. 2a). After cryopreserva-
tion, 100% survival was observed among cold treated 
explants from medium with 60 g  l− 1 sucrose, after 20, 30 
and 60 min treatment of PVS2 (Fig. 2b).
Three weeks after thawing a slow growth of the meris-
tems (enlarging in size) could be observed and after about 
6–10 weeks bulb scale and then bulblets started forming 
(Fig. 1e, f). One hundred percent regrowth was obtained 
from cold treated apices cultured on 60 g  l− 1 sucrose, fol-
lowed by 30 and 60 min PVS2 treatment. Cold treatment 
significantly improved the recovery rates of all cryopre-
served apical meristems cultivated on medium with 60 g 
 l− 1 sucrose. The positive effect of cold treatment was 
especially observed with 20–30 min of PVS2 treatment, 
since four times more regenerating plants were obtained 
(Fig. 2b). Similar results (for 20–30 min of PVS2 treat-
ment) were obtained for the media containing 90 g  l− 1 
sucrose. Ten minutes of PVS2 exposure was inadequate 
for sufficient dehydration of the apices, which resulted in 
no significant regrowth. Regrowth of cryopreserved, non-
cold treated meristems, both from 60 to 90 g  l− 1 sucrose, 
increased gradually with increasing length of PVS2 expo-
sure and reached maximum after 60 min exposure (74% 
and 70%, respectively). Therefore, PVS2 exposure dura-
tion, not sucrose concentration, is the factor which most 
affects meristem regrowth (Fig. 2b).
Three-to-four weeks after rewarming, some surviving 
meristems covered with undifferentiated, yellowish callus 
(Fig. 1d). The highest percentage of callusing (60–68%) was 
noted after 10–30 min of PVS2 exposure of non-cold treated 
meristems from 60 g  l− 1 sucrose for cryopreserved meris-
tems. In other cryopreservation treatments, the callusing rate 
did not exceed 20% (Fig. 2b).
In this study a cryopreservation protocol based on drop-
let-vitrification technique was developed that allowed suc-
cessful plant regeneration from apical meristem of Tulipa 
tarda. To optimize the protocol, different treatments and 
immersion times in PVS2 were studied.
Cryopreservation success depends on explant type, age 
and size, its physiological condition, acclimation to osmotic 
stress and cold conditions at every step of the treatment 
(Kim et al. 2009; Harding et al. 2009).
The executed experiment shows that it is possible to 
achieve 100% regeneration of T. tarda apices after appropri-
ate treatment by sucrose (60 g  l− 1) and cold treatment (5 °C), 
followed by 30 or 60 min PVS2 treatment. It is probably, 
Fig. 2  Regeneration of non-cryopreserved (a) and cryopreserved (b) apical meristems. Means within a columns followed by the same letter are 
not significantly different at p ≤ 0.05
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that significantly lower regeneration (80%) in case of 45 min 
PVS2 treatment could result in number of replicates. It is 
likely that the differences will not be significantly different 
when applying much more apices. There was not observed 
an improvement of regrowth rates using a higher sucrose 
concentration. Authors hypothese that 60 g  l− 1 sucrose was 
high enough to acquire a sufficient degree of dehydration 
resistance. It is important to prepare tissue towards dehydra-
tion using a sugar and/or cold treatment and by optimizing 
time of exposure to cryoprotective solutions for each species 
(Panis and Lambardi 2006). Pre-cryopreservation treatments 
like osmotic or cold treatments, followed by the application 
of cryoprotective solutions, allowed for successful cryo-
preservation of many plants (Reed 2017). Cold pretreat-
ment prepare explants to cryopreservation by activation of 
signaling pathways and alteration of gene expression. Cold 
exposure induces the synthesis of osmo-active compounds, 
like fructose and glucose, related to freezing tolerance, sug-
gesting that cold acclimation is associated with an altered 
carbohydrate metabolism (Rosa et al. 2009). Preculture 
with sucrose (0.3 M) in combination with cold-hardening 
of in vitro meristems (at 0 °C) or plantlets (at 4 °C) proved to 
be essential for successful cryopreservation of Lilium shoot 
tips (Matsumoto et al. 1995; Chen et al. 2011). However, in 
case of in vitro shoot apices of Oxalis tuberosa, cold treat-
ment did not improved survival rate (Gonzáles-Benito et al. 
2007). Some researchers obtained high recovery rate of the 
apices of Galanthus (75.5%) and Lilium (87.5%) applying 
only high sucrose concentration, without cold-hardening 
(Maślanka et al. 2013; Yin et al. 2014).
In view of the risk for somaclonal variation, the recov-
ery processes after cryopreservation should preferably not 
occur through adventive shoot formation or organogenesis. 
Nevertheless, sometimes callusing appears as an effect of 
cryoinjury. In our study 60–68% of callusing explants might 
be a result of an insufficient preparation of the tissue towards 
dehydration (both by treatment and vitrification) before 
plunging in LN. Cold treatment of the tissue prior to cryo-
preservation resulted even 100% of non-callusing bulblets 
after thawing. Callusing of the apices after cooling was also 
observed in Galanthus (Maślanka et al. 2013) and Lilium 
(Bouman et al. 2003).
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